Rechargeable lithium-O 2 battery is considered as promising next-generation devices for energy storage and conversion because of their high theoretical specific energy density. However, its application suffers from several issues such as high overpotential, poor cycle performance, and limited rate capability. Tuning electrochemical/chemical reactions in discharge and charge play an important role in reducing overpotential, increasing current density, and improving reversibility of Li-O 2 batteries. In this review, the fundamental principles and complicated electrochemical and chemical reactions in electrolytes and cathodes are first discussed. Based on these mechanisms, various strategies such as stabilizing electrode materials, selecting suitable electrolytes, adding catalysts and mediators, and changing O 2 pressure are reviewed to improve electrochemical performance by tuning electrochemical/chemical reactions. Finally, we explore future research directions in improving electrochemical performance of lithium-O 2 battery.
Introduction
In the long term, society development's need for energy storage such as electric vehicles (EVs) and large scale power station will far exceed that achievable by Li-ion batteries since the delivered energy and power densities of Li-ion batteries are not enough. 1−5 In contrast to conventional Li-ion batteries, non-aqueous aprotic Li-O 2 batteries can form Li 2 O 2 in discharge by electrochemical and chemical reactions by Li + and O 2 , which induces an extremely large theoretical specific energy ~3500 Wh/kg and generate an equilibrium voltage of 2.96 V according to Nernst equation. In recent years, Li-O 2 batteries have received heightened attention because they can provide gravimetric energy density considerably higher than Li-ion batteries. However, to make Li-O 2 batteries suitable for practical applications, major challenges must be overcome, which include low round-trip efficiency, 3, 6−7 electrode and electrolyte instability, 8−10 and low current density, 11−12 and low cycle life. 13−14 The electrochemical performance of Li-O 2 batteries is mainly regulated by the gas electrode (cathode), non-aqueous electrolyte, O 2 pressure, and additive catalysts and mediator in cathode or electrolyte. 2 Li metal is currently used as anode to provide extra Li resource and ultimately will be replaced due to safety issue before and deployment of Li-O 2 batteries into real market. The cathode is a main site oxygen reduction reaction (ORR) during discharge and oxygen evolution reaction (OER) during charge. The solid-state catalysts are composited on the cathode to enhance kinetic rate of ORR and OER. 3 Therefore, the cathode should have a large surface area and large pore volume to store discharge product Li 2 It is of significant importance to tune these electrochemical and chemical reactions to avoid irreversible species to be formed and promote reversible and low-charge-potential species such as LiO 2 /Li 2 O 2 . In this review, our discussion will concentrate on the main challenges of Li-O 2 batteries and how to improve battery performance by tuning electrochemical and chemical reactions.
Non-aqueous electrolytes
Although non-aqueous electrolytes have been studied and developed for decades and successfully applied in commercialized Li-ion batteries, they cannot be directly employed in Li This interaction has been demonstrated to be strongly related to cyclic performance of Li-ion and Li-O 2 batteries. In addition, the properties of formulated electrolytes are crucial to the interfacial structure between electrodes, O 2 gas, and electrolyte and accordingly regulate the performance of Li-O 2 batteries. Very recently, some additives and mediators have been added into electrolyte to tune electrochemical and chemical reactions which are directly related to battery performance. 22−26 Because some highly oxidative intermediates are generated during discharge and charge of Li-O 2 batteries, some possible polar organic compounds containing functional groups of carbonyl (CO), nitrile (C≡N), sulfonyl (SO), and ether (O). 27 Based on these principles, the aprotic electrolytes such as carbonate, dimethyl sulfoxide (DMSO), phosphates, nitriles, and glymes have been attempted. In the following sections, we concentrate on the influence of electrolyte stability, additives and catalysts on electrochemical and chemical reactions in electrolyte in order to reveal the possible tuning mechanism in Li-O 2 batteries.
Electrolyte stability
As mentioned above, the oxygen reduction and evolution processes lead to the formation and decomposition of was generated in the air-electrode discharged in glyme-based electrolytes. DME was reported to be stable during cycling by McClosky et al. 10 Further, in situ quantitative gas-phase mass spectrometry and XRD confirmed Li 2 O 2 was the main discharge product in the electrolyte of DME. 34 However, the inconsistency between O 2 consumption and evolution amounts suggests there may exist a reaction between Li 2 O 2 and DME. As shown in Figure 1 , Li 2 O 2 both decomposed to evolve oxygen and oxidized DME at high potential upon cell charge. At present, DME is still actively applied in 23 The charge potential is reduced to 3.5 V with a complete reversibility of 100 cycles. In 2014, Kang Kisuk et al. reported a Li-O 2 battery system using a soluble catalyst (LiI) combined with hierarchical nanoporous air electrode, achieving high reversibility and good energy efficiency. 41 The cell can deliver a high reversible capacity (1000 mAh/g) up to 900 cycles with reduced charge potential of less than 3.5 V. Schematic illustration of the role of redox mediator in Li-O 2 battery are presented in Figure 3 . 
Cathodes

Metal and non-metal cathode materials
The solid Li 2 O 2 formed on discharge must be stored a porous conducting matrix, which in practice has to combine sufficiently high conductivity and surface area with a low cost and ease of fabrication as a porous electrode materials. In addition, structural stability of electrode materials, especially with discharge and charge reactions, must be considered as a vital requirement. Carbon has extensively applied as cathode materials of Li-ion batteries due to its conductivity and large surface area. Several studies examined that carbon electrode appeared relatively stable. However, some side reactions were observed and attributed to carbon decomposition. Peter Bruce et al. studied carbon electrode using acid treatment and Fenton's reagent by differential electrochemical mass spectroscopy (DEMS) and FTIR. 9 As shown in Figure 4 , they observed that carbon is relatively stable below 3.5 V on discharge and charge. Above 3.5 V, carbon may experience an oxidizing decomposition to form Li 2 CO 3 . But direct chemical reaction between carbon electrode and Li 2 O 2 hardly take place during discharge and charge processes. However, discharged Li 2 CO 3 was measured to have a relatively high charge potential, resulting in electrode passivation and capacity fading and irreversibility. In 2012, Peng and Bruce et al. proposed a nanoporous gold and DMSO as air electrode and electrolyte, which generated excellent electrochemical performance with 95% capacity maintainence in 100 cycles. 37 The electrode design with pure metal prevents carbon decomposition to block active sites of electrode. Following by this pioneering work, Wen et al. designed a free-standing electrode of foam Ni nanocomposited with Co 3 O 4 electrocatalyst, which has a high discharge voltage of 2.95 V, a low charge voltage of 3.44 V, and high specific capacity of 4000 mAh/g, and low capacity fading. 43 The electrode design principle and synthesized nanostructure are presented in Figure 5 . They attributed these superior electrochemical performance to abundant available catalytic sites on electrode surface, the intimate contact of discharge product with the catalyst, the effective suppression of the volume expansion in the electrode during discharge and charge processes, the good adhesion of the catalyst to current collector, and the open pore system for unrestricted access of the reactant molecules to and from active sites of the catalysts. 
Solid-state catalysts
One of large challenges faced by Li-O 2 battery is the round-trip efficiency which is because of high overpotential or polarization of cathode reactions. A high charge voltage of 4.5 V and low discharge voltage of 2.7 V are measured, which leads to a low efficiency. An important strategy of improving this efficiency is applying effective catalysts on cathode. Although the previous experimental report by Luntz et al. doubted efficacy of electrocatalysis due to decomposition of carbonate electrolyte, 10 a large amount of theoretical and experimental studies indicated that by applying electrocatalysts, discharge voltages could be increased and charge voltages could be decreased, which generated a higher round-trip efficiency with a longer cycling life and larger energy capacity. 5−7, 33, 45−50 Therefore, we would review here several catalysts such as carbon, transition metal oxides, and noble metals. Due to the controllable pore size, carbon materials have extensively applied as the air electrode of Li-O 2 batteries. Xia et al. synthesized mesocellular carbon material with narrow pore size distribution (30 nm) through nanocasting method by using nanosheets aggregated into loosely packed structures with large interconnected channels which are favorable to supply oxygen into the interior of the electrode using the discharge reactions. 51 As shown in Figure 6 , the structure can deliver the high energy capacity of 15000 mAh/g. In addition to the carbon porosity and structure, the carbon nature also affects the catalysis in Li-O 2 battery. The N-doped carbon draws much attention because conjugation between lone-pair electron of N and graphene -electron. 18 As shown in Figure 7 , they predicted Li-ORR has the smallest overpotential on Pt and Pd. The catalytic activity exhibits a volcano-like trend with respect to the adsorption energy of atomic oxygen, which is in close agreement with the experimentally observed trend reported by Shao-Horn et al. 
Conclusions and outlooks
The non-aqueous Li-O 2 batteries have attracted a great deal of attention as potential energy-storage systems for future electric vehicle applications. However, it is still in developing stages and there are many technological problems to solve before becoming commercial applications. At present, controlling complicated electrochemical reaction processes and understanding these fundamental mechanisms become much important. Numerical systematic and detailed studies on materials and chemicals are still required to enhance discharge and charge reaction kinetics and regulate discharge products. 
